ABSTRACT There have been many laboratory-based investigations since the emergence of the novel coronaviruses in the autumn of 2012, but most of the parameters required for establishing scientifically the control measures that will protect against them have yet to be determined. Equally, the global distribution of the viruses in their animal reservoir has yet to be established. The experience of investigating and controlling another novel coronavirus, SARS, in 2003 shows how national and local investigations can come together as an international coalition and successfully avert epidemics. A menu of studies that need to be undertaken, especially in the countries experiencing transmission, is presented here. Etudes de santé publique requises pour la protection de la population contre les nouveaux coronavirus RÉSUMÉ Depuis l'émergence de nouveaux coronavirus pendant l'automne 2012, de nombreuses études ont été menées en laboratoire, mais la plupart des paramètres requis pour l'établissement scientifique de mesures de lutte qui soient capables de protéger contre ces virus restent à définir. De plus, la répartition mondiale de ces virus dans leur réservoir animal doit encore être établie. En 2003, l'expérience de la recherche sur un autre nouveau coronavirus, le syndrome respiratoire aigu sévère, et de la lutte contre ce virus a démontré comment des recherches nationales et locales permettent de mettre en place un front commun au sein d'une coalition internationale et d'éviter efficacement les épidémies. Les études qui doivent être menées, en particulier dans les pays où la transmission est active, sont répertoriées dans le présent article.
Introduction
Concerns have been raised globally by the appearance in 2012 of a novel coronavirus (nCoV) causing severe respiratory disease within some countries in the Middle East and in patients transferred for medical care in Europe [1] [2] [3] . The fact that a significant proportion of the confirmed cases have died and that the cause is a coronavirus of presumed animal origin has revived memories of the severe acute respiratory syndrome (SARS) epidemics of 2003 [3] [4] [5] . Patients who survive the initial infection often require prolonged artificial respiratory support (mechanical ventilation or extra corporeal membrane oxygenation), so even a few cases impact significantly on higherlevel clinical services. A case travelling to Europe on a commercial flight and then infecting others indicates how easily the infection might spread internationally, as seen with the SARS coronavirus [6, 7] .
The purpose of this short communication is to summarize thinking on priorities for surveillance, applied epidemiological studies, and public health research and development activities. The approach taken is to highlight particular questions that need to be answered for the purposes of preventing or treating these infections and diseases-the what and the why of each specific question. This is followed by an explanation of the mechanisms by which each question can be answered (the how) leading to a list of the specific studies required to achieve this.
Controlling and protecting against novel coronaviruses
The new viruses have been genetically sequenced [8, 9] . Bats are considered to be the hosts for animal coronaviruses and these novel viruses affecting humans are similar to a number of bat coronaviruses isolated in both the old and the new world [10] . While they bear some relationship to the SARS-CoV virus which caused severe acute respiratory syndrome (SARS), they are also sufficiently different to preclude the assumption that they will behave in the same way as SARS-CoV [9] . Indeed the signature characteristic of SARS outbreaks in humans-super spreading events-have not been described so far [3, 5, 7] . Analytic virological studies of nCoV have appeared with impressive speed in peer reviewed journals and some of the conclusions reached are concerning [9, [11] [12] [13] . The virus may have the potential to spread in a range of mammalian cells; binds to a receptor that is preserved across a number of species, including humans [11, 13] ; it can also infect and replicate with cytopathic effect in a wide range of cell-lines across various human tissue types and from other species [12] . However virological investigations alone cannot predict how the virus will behave, its pathogenic action or how it should be treated or controlled [14] .
At present (April 2013), there is still a lack of much of the information that would be needed to inform on how to control nCoV infection; prevent initial infections; interrupt any humanto-human transmission; and manage and treat human infections (Table 1) . [15] . Similarly, it is unclear whether humans are occasionally being infected outside the Middle East. It can be argued that the simplest response would be to assume that the parameters for control of the nCoVs would be the same as those for SARS and apply the same measures. However, these measures cannot be undertaken lightly because some of those which were effective in controlling SARS were resource-intensive and disruptive to societies and, especially, health-care economies [3] ; therefore the parameters for control of nCoV infection need to be determined speedily. This uncertainty and the need for speedy action led the WHO Regional Office for the Eastern Mediterranean to convene a consultation in Cairo in January 2013 attended by the countries experiencing cases in the Middle East and Europe; the relevant European laboratories [the Erasmus Medical Centre, Health Protection Agency (since April 2013 now called Public Health England) and the University of Bonn]; and the public health authorities from Germany and the United Kingdom (Robert Koch Institute and Public Health England, respectively). This ECDC staff member also attended and presented an earlier version of this paper.
Extensive epidemiological investigations have been undertaken around the few cases that have come to Europe. Rapid publications from these are reassuring on transmissibility and appear to contradict some of the more worrying interpretations of the laboratory studies [6, 16, 17] . In Europe the novel viruses are not behaving in the same way as the SARS viruses did in countries outside Europe in 2003 (Table 1) [18] : to date, testing of over 200 close contacts of the first 2 imported cases have not revealed a single transmission (serological results are pending for the United Kingdom contacts) [16,17,] . Yet a third case who travelled on a commercial flight resulted in unsustained humanto-human transmission after arrival in the United Kingdom. There were 2 secondary transmissions: one in a family setting, the other a nosocomial infection in hospital [1, 6] . This same cluster of 3 cases included the first confirmed mild case and another case with dual infection of the new virus and a seasonal influenza virus [6] .
It would be unwise to base global guidance on the experience in a single country or region, even in an area as large as Europe. One of the notable features of the SARS coronaviruses in 2003 was the diversity of experience which arose seemingly by chance [7] . While some countries with imported cases had no transmissions, others experienced considerably transmission, often in association with superspreading events [5, 7] . European Union/European Economic Area countries experienced only 32 probable SARS cases in 2003 (0.4% of the global total), with 1 death and no further transmissions [18] . So far, the experience with the nCoV in 2012-2013 looks very similar to that with SARS in Europe in 2003 when there were imported confirmed cases but no sustained human-to-human transmission [1, 7, 19] . Hence, the 2012-2013 European data alone do not provide a sufficient basis to conclude that the intense local transmission that happened in Hanoi, Vietnam, Hong Kong, Singapore and Toronto, Canada could not be reproduced with the new coronavirus [5, 7] .
It is instructive to consider how the measures that were effective in controlling SARS were determined in 2003. Essentially, the scientific basis for these measures (Table 2) was determined by the countries in which infection and transmission took place-Canada, China, Hong Kong, Singapore, Taiwan and Viet Nam-working together with WHO. Information from detailed field investigations undertaken around the cases in those countries was shared openly, starting with a global video conference meeting on 16-17 May 2003 [5] . The measures that were agreed on that basis in May 2003 were: general surveillance of respiratory illnesses; case finding and investigation; triage of persons with febrile illness; selective quarantine; isolation of cases and close contacts of SARS cases; intensive infection control and cleaning in health-care setting and public and professional education (Table 2 ) [5] . These measures were effective and subsequent reviews indicated that this early sharing and publishing of the results did not prejudice any publications from the countries [19,20,] .
Conclusions
It may be concluded that nCoV requires rapid field research studies combining epidemiological, clinical, serological and virological data to complement the published virological studies. These would be a series of studies carried out around the naturally-occurring cases as was done at speed in 2003 (Table 3 ) [5, [19] [20] [21] [22] [23] [24] [25] [26] . An advantage now is the availability of prepared protocols ready for adaptation by the countries that wish to undertake the work [21] [22] [23] [24] [25] . Serological techniques have been developed but await both use and validation in the countries experiencing transmission as well as an indication from the International Health Regulations (Article 6) that these and other sorts of studies should be undertaken and the results communicated in a timely manner [3, 16, [21] [22] [23] [24] [25] [26] [27] . Observing and investigating clusters to agreed protocols with local adaptations [21, 22] . 
